Kombuthurai has been described as a fishing village in Thoothukudi district, Tamil Nadu which has gained immense importance by practicing sustainable fishing practices. In Kombuthurai village during 2009-2013, catch per unit effort (CPUE) has varied from 0.20 tonnes to the maximum of 0.25 tonnes during this period. It is interesting to know that despite the range of effort varying from 1598hrs to 1720hrs, the catch remained in the range of 347.4 tonnes to a maximum of 430.8tonnes. The influence of various variables (latitude, longitude, distance, depth, seasons, years and fishing gear type) on CPUE was studied by General Linear Model (GLM) and Generalized Linear Model (GLMs). Normal distribution with identity link function and a gamma distribution with log link function were used in GLMs. The variables that were found to be significant in both of the models and distributions are year and season. GLM model was good fit with R 2 ranging from 67.60% to a high of 91.7%.The low and high abundance of CPUE were categorized taking the below and above average CPUE. A binary logistic regression model was used between the CPUE abundance and with above mentioned independent variables. The binary logistic regression model explained 75.4% (Nagelkerke R 2 ) of the variance in high CPUE abundance and correctly classified 88% of cases. The independent variable such as latitude, longitude, depth, and distance added significantly to the model, but the year, season and hooks did not add significantly to the model.
INTRODUCTION
Fisheries are a source of employment, income, nutrition, and recreation in the world. The continuing depletion of the world"s marine fisheries resources is a key indicator of the critical decline in ocean health (Anuja et al., 2018) . Moreover, fisheries have been pointed out as one of the five critical global systems according to the first world"s ecological health assessment "the Millennium Ecosystem Assessment" carried out by Food and Agriculture Organization (FAO) in 2005. Responsible and sustainable fishing methods are the global needs of the time to save the fast depleting resources. Kombuthurai is a small coastal village situated in the Coromandel Coast area of Thoothukudi district in Tamil Nadu. There are 195 fishermen households actively engaged in fishing (GOT, 2012) . The traditional fishing village of migrant fishers from Kadiyapattinam formed a new village 35 years ago who follow simple, eco-friendly, economical fishing methods. The village has 110 Fibre-reinforced plastic (FRP) vessels. The prime focus of this work is to understand, analyze and present the most eco-friendly fishing practices in Thoothukudi district of Tamil Nadu (Anuja et al., 2018) . Therefore, Kombuthurai fishing village was purposively selected since the village is unique in its practice of hook and line fishing, one of the most eco-friendly fishing practices in the world (Anuja et al., 2018) . Given the above, the present paper is an attempt to bring out sustainability of the fishing technique employed and the catch and effort relationship obtained through CPUE using GLM and GLMs and binary logistic regression models.
MATERIALS AND METHODS
The data was collected from Kombuthurai fishing village, Thoothukudi district, Tamil Nadu. Predesigned survey schedule was prepared for conducting the survey. Questions sought details information on vessel types, length of the vessel, ton-nage, fishing gear, crew size, annual fishing days, fishing duration, fishing distance from the shore, life of craft and gear, type of hooks, type of bait and fish catch according to season. Secondary data were collected from fishers associations on month and year wise fish landings. Catch and effort time series data of hook and line fishery from 2009-2013 were taken from fishers associations on the month and year wise fish landings in Kombuthurai fishing village. The catch data is in weight in tons (t) and effort taken in the form of number of fishing days and the time (hrs) spent in the hook and line fishing. General linear models (GLM): General linear models (GLM) are the most common method used to standardize catch per unit effort (CPUE) (Allen, R. and Punsly, R., 1984). The CPUE is predicted as a linear combination of the explanatory variables. The year and season effect were used to represent the annual and seasonal relative levels of abundance and used as the relative index of abundance for stock assessment. The year and season effect were included in the GLM as a categorical variable. GLM model was used to standardize CPUE concerning continuous and categorical predictor variables. In this study GLM model was used for the annual series with the year, month, season, and gear (hooks) as the fixed factor and latitude, longitude, depth and distance as covariates and the model was built.
and Generalized Linear Model (GLMs): GLMs are defined by the statistical distribution of the response variable and how some linear combination of a set of explanatory variables relates to the expected value of the response variable (Maunder, M.N., and Punt, A.E., 2004) . GLMs are the most common method for standardizing catch and effort data (Nelder et al.,1972) . Gavaris (1980) appears to have been the first to have used a GLM approach to standardizing catch and effort data.
---------------② Where, G (E(Y)) is some function of the expected value of Y Y ~ F (i.e. Y has some sort of distribution, e.g. normal, binomial, logistic, etc.) G is referred to as the link function, while F is the distributional family Binary logistic regression: The low and high abundance of CPUE were categorized taking the below and above average CPUE. A binary logistic regression model was developed between the CPUE abundance and with seven independent variables (continuous and categorical): latitude, longitude, distance, depth, seasons, years and fishing gear type. The probability of high or low abundance CPUE (p) has been written in the equation below.
---------------③ Where, z = β 0 + β 1 x 1 + β 2 x 2 + β 3 x 3 + β 4 x 4 + β 5 x 5 + β 6 x 6+ β 7 x 7 In which β 0 and β i (i=1 to 7) are the regression constants and x i (i=1 to 7) are seven independent variables Where, , ,
and To assess the misclassification rate, we considered predicted Y as 1 when p ≥ 0.5 and 0 when p <0.5. The model was fitted using a maximum likelihood method. Forward Wald step method was to select the significant variables in the final model. The p-value for statistical testing of variable significance for inclusion in and exclusion from the model is generally set to 0.05.
RESULTS AND DISCUSSION
Kombuthurai has been described as a fishing village in Thoothukudi district, Tamil Nadu which has gained immense importance by practicing sustainable fishing practices. Tests the null hypothesis that the error variance of the dependent variable is equal across groups. Kombuthurai (2009 Kombuthurai ( -2013 . There are different types of hooks which are used in hook and line fishery. Hooks are classified according to numbers indicating their size and strength. For example hooks no 6 and 7 are used for carangids and seer fishing respectively. The figure indicates that across year carangids fishery with hook no 6 as yielded maximum catch. Hook no 7 yielded the next highest catch for seer fishery. It can be noted that hook no 4 which is the strongest hooks was used for tuna fishery exclusively. It may also be noted that tuna is not a seriously targeted species. Fig 5 gives the relationship between CPUE and major hooks in Kombuthurai. Similar to the earlier figure it can be seen that CPUE is highest in respect of hooks number 6 used for carangids fishery followed by hook no 7 for seer fishery across years.
Catch -effort relationship (2009-2013) by using general linear models (GLM):
The following analysis gives the overall relationship of CPUE with the independent variables considered. Table  2 indicates the error variances with respect to CPUE, are equal across the groups, and the GLM modelwas appeared to be adequately fit to the data. ) of the variance in high abundance and correctly classified 88% of cases. CPUE (2009 CPUE ( -2013 . Kombuthurai (2009 Kombuthurai ( -2013 . able of this model explains as much as 72.40%of the changes in the dependent variable. Table 4 gives the relationship between CPUE and various mentioned explanatory variables. The result indicates that keeping season 4 as a reference year, season 1 was emerged significant, contributing as much as 18.30% change in CPUE and also that year (time variable), year 5 as a reference year, year 1, 2 and 3 were emerged significant, contributing 22.30%, 25% and 0.7% respectively change in CPUE. In the above analysis of the influence of various variables on CPUE across the year, It was seen seasons and fishing year have a significant influence on CPUE in the pooled analysis of 2009-2013. It was also be noted that the GLM model has been a good fit with R 2 ranging from 67.60% to a high of 91.7% Catch effort relationship by using generalized linear model (GLMs): In the generalized linear model, we adopt link functions that enhance the precision of the model. A generalized linear model is used to fit a normal and gamma distribution for the analysis of scale data. The goodness of fit statistic of GLMs is useful for comparing competing models such as normal distribution with identity link function and a gamma distribution with log link function. Several statistics are calculated to assess goodness of fit of a GLMs. Additionally, the value/df for the deviance and Pearson Chisquare statistics gives corresponding estimates for the scale parameter. Log-likelihood estimates are used in computing the information criteria. Information criteria are used when comparing different models for the same data. Table 5 gives the deviance of the normal model was estimated to be 3.056 on 87 degrees of freedom and the Akaike Information Criterion (AIC) is -37.021. The deviance of the gamma fit was estimated to be .105 on 87 degrees of freedom and the Akaike Information Criterion (AIC) was -37.759. The model with the smaller AIC is preferred in the GLMs. Here, in this case, gamma fit has less AIC than the normal model. Table 6 gives the relationship between CPUE and the sources of variation. Type III analysis revealed that 2 out of 7 effects were significant in both normal and gamma with a link function. Test of model effects showed the significant effect only in year and season. It can be seen that in both the distributions only year and season emerge as significant variables. Catch and effort relationship by using binary logistic regression: Binary Logistic regression is a statistical method for analyzing a dataset in which there are one or more independent variables that determine an outcome. The outcome measured as a dichotomous variable (in which there are only two possible outcomes). Table 7 gives the Hosmer and Lemeshow statistic that is the goodness of fit statistics. The goodness of fit statistics helps to determine whether the model adequately describes the data. The Hosmer and Lemeshow statistic indicate a poor fit if the significance value is less than 0.05. Here the model adequately fits the data. Table 8 gives the variation in the dependent variable explained by the model summary, and this table contains the Cox and Snell R Square and Nagelkerke R Square values, which are both methods of calculating the explained variation. These values are sometimes referred to as pseudo R2 values (and will have lower values than in multiple regressions). Therefore, the explained variation in the dependent variable based on the Cox and Snell R2 and Nagelkerke R2 methods ranges from 53.9% to 75.4% respectively. Nagelkerke R2 is a modification of Cox & Snell R2, the latter of which cannot achieve a value of 1. For this reason, Nagelkerke R2 value is preferable. The model with the largest R2 statistic is best. Here in this case Nagelkerke R square model has high R2 than Cox & Snell R Square. Binomial logistic regression estimates the probability of an event (in this case, high abundance) occurring. If the estimated probability of the event occurring is greater than or equal to 0.5 (better than even chance), SPSS classifies the event as occurring (e.g., high abundance being present). If the probability is less than 0.5, SPSS classifies the event as not occurring (e.g., low abundance). It is very common to use binomial logistic regression to predict whether cases can be correctly classified (i.e., predicted) from the independent variables. Therefore, it becomes necessary to have a method to assess the effectiveness of the predicted classification against the actual classification. There are many methods to assess this with their usefulness often depending on the nature of the study conducted. However, all methods revolve around the observed and predicted classifications, which are presented in the Kombuthurai (2009 Kombuthurai ( -2013 .
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"Classification Table"(Table 9 ). It can be seen that 88% of the variable is correctly classified. A logistic regression performed to ascertain the effects of year, season, latitude, longitude, depth, distance and major hooks on the likelihood that catch has high abundance. Table 10 gives the output of parameters estimates in logistic regression. Table 10 shows the contribution of each independent variable in the model and its statistical significance. The Wald test ("Wald" column) is used to determine statistical significance for each of the independent variables. The statistical significance of the test is found in the "Sig" column. It can be seen that latitude(p=0.023), longitude (p=0.055), depth(0.043) and distance(p=0.036) added significantly to the model, but the year, season and hooks did not add significantly to the model. The odds of having high abundance ("high" category) is 1.816 and 0.397 times greater for a unit change in depth and distance respectively. There is no change in the odds of having high abundance for a unit change in latitude and longitude.
Conclusion
Kombuthurai has been described as a fishing village in Thoothukudi district, Tamil Nadu which has gained immense importance by practicing sustainable fishing practices. By using GLM and GLMs analysis, the influence of various variables on CPUE across the year, It was seen that the season and fishing year have a significant influence on CPUE in the pooled analysis of 2009-2013. It may also be noted that the GLM model has been a good fit with R 2 ranging from 67.60% to a high of 91.7%.By using GLMs analysis for normal and gamma distribution with link function, it was noted that the deviance of normal model at 87 degrees of freedom and its AIC along with the deviance of the gamma fit at the same degrees of freedom and its AIC showed that the gamma fit had less AIC than the normal model and therefore the model was a good fit in the GLMs framework because of its smaller AIC. The low and high abundance of CPUE were categorized taking the below and above average CPUE as low and high abundance. A binary logistic regression was performed to ascertain the effects of year, season, latitude, longitude, depth, distance and major hooks on the likelihood that catch has high abundance. The model explained 75.4% (Nagelkerke R 2 ) of the variance in high abundance and correctly classified 88% of cases. The independent variable such as latitude, longitude, depth, and distance added significantly to the model, but the year, season and hooks did not add significantly to the model.
